Relatively large-scale production and purification of meningopneumonitis organisms was developed for chemical and immunological studies on cell walls of the infectious dense forms. By disruption of purified organisms with glass beads in a Mickle shaker, highly purified preparations of cell walls were obtained by sucrose density gradient centrifugation, enzyme digestion, and sodium dodecyl sulfate treatment. The dry-weight recovery of purified cell walls from intact organisms was about 13%. When32P-labeled preparations of cell wails were fractionated into acid-soluble, lipid, ribonucleic acid (RNA), deoxyribonucleic (DNA), and residual fractions, about 80% of the 32P in cell wall preparations was recovered in the phospholipid fraction, which corresponded to about 3% of the total phospholipid in the intact organisms. About 7% of the 32P in purified cell walls was recovered in the RNA and DNA fractions respectively, but this corresponds to only about 0.4% of the 32P found in those fractions in intact organisms. From dry-weight determinations, it was calculated that the purified cell wall preparations contained only 0.6% total nucleic acids, and these are probably not true cell wall constituents. These cell walls contained 70 to 75% protein, corresponding to about 14% of the protein in intact organisms. Amino acid analysis of these proteins showed the existence of all common amino acids, glucosamine, and galactosamine. However, no muramic acid was detected by the methods employed.
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In studies on the relationship of the psittacosis organisms to bacteria, Jenkin (1) was able to produce cell walls of the meningopneumonitis (MP) strain cultivated in the chick embryo by treatment with sodium deoxycholate and trypsin. He reported the presence of 9 to 10 amino acids, hexosamine, reducing sugars, phospholipid, and trace amounts of muramic acid in these preparations. However, all suspensions of organisms used for these experiments contained mixtures of the developmental reticulate forms and the mature infectious dense forms, and no reports have been published on chemical composition of the cell walls of separate particles.
Following the development of methods for the preparation of purified suspensions of the dense form of the MP organisms by Tamura and Higashi (8), Manire (3) reported on the preparation of purified cell walls of dense forms by a combination of sonic treatment with glass beads, enzyme treatment, and sucrose density gradient centrifugation. When finely shadowed fragments were studied by electron microscopy, the inner layer of the cell wall appeared to be composed of regular geometric arrangements of hexagonally packed macromolecules. This method has a definite disadvantage in that sonic treatment produces excessive fragmentation of all components of the organism, with a consequent low yield of cell walls.
The recent development in this laboratory of methods for relatively large-scale production of these organisms, and of improved methods for cell wall preparation, have made possible studies on the chemical composition of purified cell walls of the dense forms of the organism. This paper is a report of these experiments.
MATERIALS AND METHODS
Organisms and cells. The Cal 10 strain of the MP organism was propagated in L-cell suspension culture. The methods for propagation were essentially the same as those described previously (8) except that L cells were grown in 250-ml Erlenmeyer flasks containing 60 to 70 ml of medium and were incubated at 37 C on an Eberback rotary shaker at 100 cycles per min. By the use of two-deck shakers, as many as 80 such cultures can be used in an experiment. When larger amounts of cells were needed, 1-and 2-liter spinner cultures were also prepared with the same medium.
Purification of dense bodies. The method as previously described was used for purification of suspensions of the infectious dense forms of MP (3, 8) . Such preparations contained almost no contaminating materials or reticulate bodies as seen by electron microscopy. In all experiments, these highly purified dense bodies were used as starting materials for preparation of cell walls.
Electron microscopy. The, methods of sample preparation were previously reported (3). The specimens were shadowed with chromium or with platinum-palladium alloy and were examined in an Akashi Type TRC 50 electron microscope. This method is based on the content of phenylalanine and tyrosine in the samples, and the absolute content of protein was determined by correcting for the content of these amino acids in the preparations.
Analysis of dry weight. For analysis of dry weight of the samples, the purified dense bodies or cell walls in suspension were washed in distilled water by repeated centrifugation. Each 1-ml portion of the suspension was put in a small aluminum or glass dish and dried at 60 C for 3 to 5 hr, followed by vacuum desiccation over phosphorus pentoxide for 1 week, by which time the sample had reached constant weight.
Amino acid analysis. Amounts of 5 to 20 mg of purified dense bodies or cell walls were hydrolyzed at 100 C with 3 ml of 4 
RESULTS
Preparation of cell walls. We previously described a method for the disruption of psittacosis organisms by sonic treatment in the presence of glass beads in which the cell walls were broken down to various-sized fragments (3). In preliminary experiments, it was subsequently found that treatment of these organisms in a Mickle disintegrator by the following procedures resulted in disruption of the cell walls with a minimum of fragmentation. Suspensions (4 ml) of purified dense bodies (25 to 500 mg) in 0.033 M tris(hydroxymethyl)aminomethane (Tris) buffer (pH 7.4) were mixed with 4 g of glass beads (no. 18), and homogenized by use of a Mickle apparatus (60 cycle/sec) at 5 C for 5 min. In preliminary tests to determine the optimal period for homogenization, many organisms were disrupted after 2 min, almost all particles were disrupted in 5 min, and only small fragments remained after 15 min of treatment. Figure 1 shows an electron micrograph of a homogenate after 5 min of treatment.
After homogenization, treated suspensions were allowed to stand for a few minutes and the supernatant fluids were separated by capillary pipette. The glass beads were washed six times with 1 ml of 0.033 M Tris buffer (pH 7.4). The fluid of the sixth washing showed almost no turbidity. The supernatant fraction and the washing fluids were pooled, and 5 to 7 ml of this homogenate was layered on 20-ml density gradient columns of 5 to 45 % sucrose and centrifuged at 8,000 rev/min for 30 min in the SW25 rotor of a Spinco centrifuge. The cell walls were found in a band in the middle of the column. Occasionally another small opaque band was observed near the bottom ofthe column; this band was found to be composed of intact dense forms of MP. Figure 2 shows an electron micrograph made from the content of such a sucrose density gradient band.
The cell wall bands in the sucrose density gradient columns were harvested by capillary pipette, diluted three-to fivefold with distilled water, and centrifuged at 10,000 X g for 1 hr. The precipitate obtained was suspended in 2 to 10 ml of 0.2 M Tris buffer (pH 7.4) containing 0.02 M MgCl2, and was sonic-treated for 1 deoxyribonuclease per ml at 37 C for 2 hr. After incubation, 1 mg of trypsin per ml was added, and the suspension was further incubated for 2 hr. The suspension of cell walls was then diluted threefold with 0.2 M Tris buffer (pH 7.4) and centrifuged at 8,000 X g for 1 hr. This enzyme treatment removed about 80 % of ribonucleic acid (RNA) and 70% of deoxyribonucleic acid (DNA) present in the cell walls before treatment, but no morphological changes were seen by electron microscopy.
The cell wall pellet was suspended in 4 to 10 ml of water, and 1% sodium dodecyl sulfate (SDS) was added dropwise with vigorous shaking until the final concentration of SDS was 0.5%. The suspension was incubated at 37 C for 2 hr and was then centrifuged at 10,000 x g for 1 hr. The SDS treatment decreased the turbidity of the suspension by about one-half. The precipitate was suspended in distilled water and again centrifuged at 10,000 x g for 1 hr to remove the SDS. The pellet was finally suspended in distilled water. Figure 3 shows an electron micrograph of purified cell walls obtained by the above procedure.
Chemical composition of purified cell walls. Purified 32P-labeled cell walls of infectious dense bodies were prepared as above, and the 32p distribution was analyzed by Schmidt-Thannhauser fractionation. The protein contents of the original dense body suspension and of the cell wall suspensions obtained by sucrose density gradient and after further treatment with SDS were determined. The results of two experiments are shown in Table  1 . About 75 to 80% of 32P in purified cell walls was recovered in the lipid fraction, and the residual 32P was distributed in other fractions. The phospholipids extracted from the cell walls contained about 3 % of the 32p of the intact organisms.
The recovery in purified cell walls of dry weight and of protein from intact dense bodies was measured in four experiments ( Table 2 ). The recovery as measured by dry weight averaged 12.7% and the recovery of protein averaged 14.2% of that in intact dense bodies.
Direct estimation of the nucleic acid content of cell wall preparations could not be made because the amounts were too low for chemical determination. However, it is possible to estimate these from the 32p recovery data shown in Table 1 and from direct analyses of whole dense bodies. These estimates are shown in Table 3 . In column 1 of Table 3 , the average results of three analyses for protein, RNA, and DNA of whole dense bodies are shown, as previously reported (7). The lipid content of these intact organisms was estimated to be < 20% by subtraction of combined protein, RNA, and DNA from total. No carbohydrate is accounted for in these calculations. In the second column of Table 3 , the estimated contents of cell walls are presented. The values for dry weight and protein content were obtained by direct measurement. The values for RNA, DNA, and lipid content were calculated from column 1, and the total 32p recovery data were obtained as shown in Table 1 .
From these calculations, the cell walls appear to be composed largely of protein; combined RNA and DNA comprise less than 0.6% of the dry weight of cell walls and probably are not true cell wall constituents. Although about 3 % of the phospholipid of the whole organism is recovered in the cell walls, the total lipid content is less than 5%, dry weight.
Similar preparations of whole organisms and of purified SDS-treated cell walls were hydrolyzed and analyzed for amino acid content. The results of two experiments are shown in Table 4 where the amino acid content of cell walls of Escherichia coli (5) and group A streptococci (10) are presented for comparison. The intact organisms and the purified cell walls contain all the common naturally occurring amino acids. Relatively large amounts of alanine, aspartic acid, glutamic acid, glycine, and serine were found in these purified cell walls. This distribution of amino acids is similar to that in the gram-negative bacteria such as E. coli.
In the analyses of amino acid composition done to date, small amounts of glucosamine and galactosamine have been found in these dense-body The purified cell walls contain phospholipids, as 70 to 80%C of 32p in purified cell wall was found in the lipid extracts. The 3P content in the lipid fraction of cell walls corresponds to about 3% of the total 32p incorporated in the lipid fraction of the whole organism. About 7% of 32p in purified cell walls was recovered in RNA and DNA respectively, but this corresponds to only about 0.4% of the total 32p incorporated into RNA and DNA iractions of intact organisms, and the content of RNA and DNA in cell walls was calculated to be less than 0.3%.
Similarity of the amino acid composition of these cell walls to those of gram-negative bacteria was found. However, muramic acid was not detected in acid hydrolysates of cell walls during amino acid analysis, although muramic acid in psittacosis organisms has been reported (1, 4) .
The implications of these findings relative to the developmental cycle of psittacosis organisms is discussed in an accompanying paper, in which similar studies on the cell membranes of the large developmental noninfectious reticulate forms (9) are reported.
